Objectives: To provide a concise review of the literature and data pertaining to the use of nurse practitioners and physician assistants, collectively called advanced practice providers, in ICU and acute care settings. Data Sources: Detailed search strategy using the databases PubMed, Ovid MEDLINE, and the Cumulative Index of Nursing and Allied Health Literature for the time period from January 2008 to December 2018. Study Selection: Studies addressing nurse practitioner, physician assistant, or advanced practice provider care in the ICU or acute care setting.
hospitals, growth of specialty ICU services, and desire for full time around the clock availability, have contributed to growing intensivist staffing concerns (4) .
The use of nurse practitioners (NPs) and physician assistants (PAs) in the ICU is an established model of care for providing care for acute and critically ill patients. Collectively termed advanced practice providers (APPs), the integration of NPs and PAs as part of the medical team in acute, emergent, and intensive care has grown significantly, due in part to increasing numbers of complex care patients, changing work hour restrictions of medical residents, and increasing availability of APP practitioners (4) (5) (6) . Since the original recognition of the role of APPs in the management of critically ill patients by the LeapFrog Group in 2000 when recommendations for ICU physician staffing were specified, their guidelines have continued to identify APPs as an acknowledged provider in critical care (7) . Additionally, a number of workforce documents have identified that integrating APPs is one solution to meeting staffing needs in the ICU (5, 6, (8) (9) (10) .
Nationally, of the 270,000 NPs, over 20,000 are certified as adult or pediatric acute care providers with 28% working in hospital settings, 5.8% working in emergency department (ED) or urgent care settings, and 12% working in critical care (11) . Of the 123,000 PAs nationally, almost 38 .5% report that a hospital is their primary practice setting (12) , and recent estimates are that 1.4% (1, 371) work in critical care (13) . Although the APP role is recognized in many countries, no data exists on the specific number practicing internationally. Information on models of care that integrate NPs and PAs in acute and critical care settings and their outcomes of care is essential in order to adequately plan optimal workforce strategies to meet the needs of acute and critically ill patients.
An evidence-based review published in 2008 identified that of 145 articles related to the use of APPs, the majority focused on role development, education and training, scope of practice, and role expansion (14) . At that time, 31 studies (and no systematic reviews) were available which had explored various aspects of integrating APPs into ICU and acute care teams to assist with patient care management, reinforce practice guidelines, educate patients, families and ICU staff; and assist with research and quality improvement initiatives (14) .
In order to evaluate the change in type of APP models of care and the impact of these roles in the ICU and acute care settings in the past 10 years, a concise literature review was conducted of studies published from January 2008 to December 2018.
MATERIALS AND METHODS
A detailed search strategy was developed and revised using the databases PubMed, Ovid MEDLINE, and the Cumulative Index of Nursing and Allied Health Literature for the time period from January 2008 to December 2018. The search strategy combinations of key terms for inclusion and exclusion criteria are outlined in the supplemental content (Supplemental Digital Content 1, http://links.lww.com/CCM/E743). Each of the articles retrieved was assessed for relevance by reading the abstract (and where necessary the entire paper) using the inclusion and exclusion criteria to exclude those papers that were not relevant to this review.
Search limits included the regions of the United States, Canada, Australia, United Kingdom, and Europe, of English language publications. A medical librarian was used to assist with the conduct of the literature review. The obtained literature was then reviewed by the authors, who are practicing APPs, and the following aspects of each study were identified, abstracted, and analyzed: study population, study design, study aims, methods, and results, and relevant implications for acute and critical care practice were summarized.
RESULTS
One systematic review of 18 studies of APPs in acute care (15) , a systematic review of 15 studies of advanced practice nursing roles in emergency and critical care settings (16) , a systematic review of 29 studies of APP care on surgical services (17), a systematic review of 14 studies of NP impact on cost, quality of care, satisfaction and wait times in ED settings (18) , a literature review of 47 studies on NP care on critical care services (19) , a narrative review of 29 studies related to PA satisfaction (20) , a literature review of 12 studies on NP use and intensivist staffing (21), a literature review of five studies focused on APP care for ICU patients (22) , a systematic review of 30 studies on the impact of APP care for adult critical care patients with a metaanalysis of eight studies (23) , and 44 individual studies were identified. The studies addressed a variety of APP models of care including 24/7 ICU coverage (24) , and specialty practice roles including cardiovascular surgery (25) (26) (27) (28) , neuroscience (29, 30) , trauma care (31) (32) (33) (34) (35) (36) (37) (38) (39) , pediatric critical care (40) (41) (42) (43) (44) , oncology care (45, 46) , surgical services (17, 47) , ED settings (16, 19) , orthopedics (48) , stroke care (30), heart failure care (49) , burn care (15) , aneurysmal subarachnoid hemorrhage care (50) , and palliative care (51) , among other areas of specialty care. Other practice models included APP led rapid response teams (52) (53) (54) , critical care outreach service (55, 56) , nocturnist care (50), interventionalist service (for central venous catheter placement) (57) , and sepsis care team (58) .
Of the 44 research studies, 27 were retrospective, three were pre-post comparisons, three were prospective, two used a comparative design, two were observational, one was a cross-sectional descriptive survey, one was a secondary analysis, one was a quasi-experimental study, two were randomized studies, and two were quality improvement initiatives. staff satisfaction; and impact on physician workload related to APP care. For example, one study randomized 103 cardiac surgery patients to receive either acute care NP-led or hospitalistled postoperative care. More patients in the acute care nurse practitioner (ACNP)-led group had surgery on an urgent basis (p ≤ 0.01) and had undergone more complicated surgical procedures (p ≤ 0.01) (28) . After discharge, more patients in the hospitalist-led group had visited their family doctor within a week (p ≤ 0.02). Measures of satisfaction relating to teaching, answering questions, listening, and pain management were higher in the ACNP-led group (28) . Another study randomized 200 elective cardiac surgery patients to NP-led post discharge follow-up care (n = 95) compared with a standard model of follow-up care (n = 105) (25) . The intervention group received a telephone follow-up needs assessment by the NP approximately 3 days postdischarge; patients with significant issues/ concerns were seen in the NP follow-up clinic. At 2 weeks postdischarge, the intervention group reported significantly fewer symptoms (p = 0.002) and higher physical functioning status (p = 0.04). At 2 and 6 weeks postdischarge, the intervention group was significantly more satisfied with the amount of help (p = 0.001), as well as the quality of the services received (p = 0.003). Differences in healthcare resource use were not statistically significant (25) .
Comparison of APP Care to Medical Providers
A number of studies compared APP care to resident and/or fellows or house staff (24, 25, 27, 28, 30, 32, 34, 42, 45, (59) (60) (61) (62) (63) (64) (65) (66) , and demonstrated similar outcomes. Several of these studies also identified significant differences in aspects of care provided by APPs including decreased length of stay (LOS) (24, 31, 32, 39, 45) , improved physician and nursing satisfaction (28, 31, 53) , higher rates of discharge destinations to home (32), decreased ED time to transfer to ICU (55), decreased costs of care related to laboratory test use (67), decreased 14 day readmission rates (45) , increased discharges by noon (39) , decreased costs of care for heart failure patients (49) , and indirect economic and patient care impacts such as increasing ED throughput, decreasing time to the operating room, operative time, and decreasing complications (48) .
A number of outcome metrics were used in the studies to identify impact of the APP role, including changes in LOS, time to transfer, readmission rates, discharge disposition, mortality, mechanical ventilation rates, resource use, costs of care, procedural quality indicators, transfer rate, resource use, patient satisfaction, guideline compliance, and others. These are outlined in Supplemental Table 2 (Supplemental Digital Content 1, http://links.lww.com/CCM/E743). The majority of studies assessed APP impact on traditional outcome measures including LOS, readmission rates, DVT prophylaxis rates, or mechanical ventilation rates, whereas other studies have included patient care specific outcomes including discharge time; blood transfusion rates; patient, family and staff perceptions; as well as resource use; financial impact; and impact on hand over communication.
ICU Patient Care Management
The impact of APPs on direct patient care management has been assessed with a number of outcome measures including LOS, mortality rates, readmission rates, post hospital discharge disposition, costs of care, time-savings for physicians, rate of infections, and quality of care metrics such as DVT and stress ulcer disease prophylaxis, and patient care metrics such as time on mechanical ventilation (24, 25, 27, 31-36, 40, 45, 48, 53, 55, 60, 62-64, 68-72) . These studies demonstrate similar or improved patient care outcomes.
Several studies have included assessments of patient, clinical staff, and family satisfaction with APP care; however, they are limited in scope. In a study of 103 cardiac surgery patients managed by NPs and hospitalists, NPs were rated to perform better at teaching, answering questions, and listening (28) . In a single-center study focused on assessing the impact of NP care on a trauma service, physician satisfaction with NP care was rated high, with 76.9% strongly agreeing that the ACNP improved their workflow, 83.3 strongly agreeing that patient care was improved and 100% strongly agreeing that adding NPs to the multidisciplinary team helped throughput (31) . Similarly, 96% of staff nurses felt that patients and families were better informed of the plan of care, and 100% felt that ACNP care improved patient care overall (31) . In a study evaluating the impact of adding PAs to the trauma care team at a level I trauma setting, no differences in mortality or mean ICU LOS were found, while mean unadjusted hospital length of stay was found to be lower for 2,333 patients over a 1-year period (36) .
APP Staffing Models
Several studies have evaluated the impact of different APP staffing models such as nocturnist, weekend coverage, or 24/7 coverage. In a prospective cohort study comparison of 90-day survival between NP and resident teams in a medical ICU, Landsperger et al (24) found no difference in 90-day survival for patients cared for by NP or resident teams over a 3-year period involving 9,066 admissions. Critical care fellows and attending physicians rounded with each team twice a day, were onsite most of each day, and were available for night consultation. Although patients cared for by the NP teams had lower ICU mortality (6.3%) than resident team patients (11.6%), hospital mortality was not different. ICU LOS was similar between the NP and resident teams while hospital LOS was shorter for patients cared for by NPs (7.9 d) than for resident patients (9.1 d) (p = 0.001) (24) .
In a review of night coverage by APPs for 289 patients over an 8-month period in a trauma ICU, no differences were found between APP coverage 7pm to 7am Sunday to Wednesday compared with resident physician coverage Thursday to Saturday on a number of outcomes (34) . Both teams were supervised by an on-call trauma fellow and attending surgeon in house. In a multiple logistic regression analysis, APP care was not associated with any clinical outcome differences including mortality, LOS, or ventilator days. Given the fact that APP coverage varies significantly from day shift coverage, night shift coverage, weekend coverage, and 24/7 models of care (73) , additional research is needed to identify optimal models of care and associated return on investment, including the value of 24/7 models of care and cost effectiveness of having APP staffing 24 hours a day.
Quality Improvement, Patient Safety, and Financial Impact
Over the past 10 years, a number of studies have highlighted the role that the APP brings in improving quality of care, enhancing patient safety, and providing continuity of care. These studies have identified the impact of APP care on reducing UTI rates, increasing DVT prophylaxis rates, and early identification of patients with sepsis, among others (33, 37, 48, 58) . A limited number of studies have assessed costs of care related to APP care. In a retrospective secondary analysis of return on investment after adding NPs to four ICU teams, the cardiovascular ICU's NP's gross collections exceeded the salary and fringe expenses for a positive margin of 32% (72). One study assessing the outcomes of an NP-led rapid response team demonstrated that NP-led calls generated a critical care billable note in 30% of cases whereas previously no billing occurred (54) . The addition of PAs to a critical care outreach team was found to result in reduction in the time to transfer to ICU (55) . A cost-effective analysis of an NP-led heart failure service demonstrated a reduction in costs per visit and costs per consumer (49) . In another study, resource utilization of an NP-staffed ICU compared with a resident-staffed ICU, both with intensivist-led care, demonstrated no differences (70) . A single-center study of NP care conducted in the United Kingdom demonstrated a reduction in staffing costs with an NP-intensivist collaborative care model (74) . These study examples showcase the impact of APP care on additional areas of care with respect to quality improvement, patient safety, and costs of care.
An evaluation of the impact of adding PAs to an orthopedic trauma service found that patients were seen in the ED 205 minutes faster (p = 0.006), total ED time decreased by 175 minutes (p = 0.001), time to surgery improved by 360 minutes (p < 0.03), postoperative DVT prophylaxis increased by a mean of 6.73% (p = 0.03), and average LOS decreased by 0.61 days (p = 0.276) (48) .
Impact on Resident and Fellow Education
The impact of APPs on resident and fellow education represents a new area of focus that has developed in the past 10 years. Several studies have examined the impact of APP utilization and the perceptions of critical care physicians, residents, and fellows (9, 42, (75) (76) (77) (78) (79) . In a cross-sectional national survey to program directors of 331 adult Accreditation Council for Graduate Medical Education-approved critical care fellowship training programs in U.S. academic medical centers, Joffe et al (9) found that 65% of respondents (n = 134; 37.5% response rate) identified that APPs were part of the care team in the ICU. The majority reported that patient care was positively affected by APP care, and nearly two-thirds of program directors reported that fellowship training was also positively impacted. Sixty-two percent identified that APPs aided in fellow training, 72% identified that APPs participate in didactic discussions during rounds/conferences, and 35% reported that APPs participate in ICU-related research activities. Fifty-four percent identified that APPs perform procedures traditionally done by fellows (9) .
A cross-sectional descriptive survey 1 year after introduction of pediatric NPs to a pediatric neurosurgery group assessed physician, nurse, and allied staff perceptions of satisfaction with availability, responsiveness, and patient clinical satisfaction (42) . Satisfaction scores in all categories, including overall satisfaction, significantly improved (p = 0.001). The number of paging calls received by the residents was reduced (91% were managed independently by NP) and there were no sentinel event reports noted. The majority (84.8% of 66 residents) agreed that the NPs on the service reduced their daily workload and provided continuity of care (42) .
In a study assessing the impact of APPs on 354 surgical resident's critical care experience, Kahn et al (76) found that residents identified benefits to working with APPs. A total of 79.8% reported a reduced resident workload, 51.6% identified enhance continuity of care, 49.8% reported APPs fill resident shift work and cross coverage gaps, 50.5% identified that APPs enhance communication with families and patients, and 48.4% related that APPs enhance communication with other providers. Additionally, 60.3% reported that APPs teach ICU protocols and guidelines to residents, and 60.3% identified that APPs enhance patient care ( Fig. 1) (76) .
Similarly, a study of 66 surgical residents found that 84.4% identified that APPs decrease resident workload, 75.8% identified that APPs contribute to resident education, and 60.6% reported that APPs help to provide better continuity of care (77) . Additionally, Skinner et al (78) evaluated the impact of NP care on surgical trainees experience, finding that time in the operating room increased from 68% to 80% (p < 0.001), and that for 57% of the after-hour calls by NPs, advice sufficed to meet the clinical care situation.
Recently, the Association of Surgeons in Training outlined consensus recommendations on the use of the nonmedical workforce, including APPs (75) . Using a survey of trainees attitudes and experiences from a sample of 112 medical students to senior level trainees in the United Kingdom where the APP role is not as developed as in the United States, respondents agreed that APPs could improve service delivery (72%) and patient care (58%). There was a trend toward trainees feeling that APPs took away training opportunities away from them (65%), although it was also felt that APPs could support trainees on the wards (74%), in clinic (59%), and less so in the theater setting (48%), or assessing acute admissions (47%) (75) .
Just under half of respondents (46%) thought that APPs could enhance surgical training. A similar proportion reported that they would be happy for APPs to look after their relatives (47%), and suggested there should be more APPs (46%). Over half (54%) of respondents stated that they would like to work with APPs as consultants (75) . Based on the results of this study, an overarching primary objective was identified that the APP position should be further developed in such a way that their roles are accepted, understood, and beneficial to patients. 
DISCUSSION
In the past 10 years, collectively over 150 studies have been conducted on an aspect of APP care in acute, critical care, and emergency care settings. Compared to studies on APPs that were available for review in a 2008 concise literature review (14) which focused predominantly on ICU settings, the number of studies addressing APP roles in acute, trauma, and ED settings has increased, possibly reflecting the expansion of the acute care APP role beyond the walls of the ICU. Overall, the studies demonstrate impact of the APP role through improved patient flow and clinical outcomes including reducing complications and improved patient care management with reduced time on mechanical ventilation, increased use of clinical practice guidelines, improved laboratory test use, and increased palliative care consultations, among other areas of impact. Studies also demonstrate positive financial outcomes with reduced ICU LOS, hospital LOS, (re)admission rates, and improved discharge time among others (16-19, 24, 28, 31-35, 37, 45, 48, 50, 51, 55, 60-66, 72, 75) .
Studies have demonstrated that in the ICU setting (24, 32, 51, 60, 62, (63) (64) (65) (66) 79) , as well as in acute care settings such as the ED (16) , and specialty care settings such as surgery (17) , and burn care (15) , among others, the involvement of APPs in managing patients allows for greater continuity of care as APPs do not have to be on frequent rotation coverage such as that of residents and fellows (16) . The involvement of APPs also provides unit-based clinical staff with a consistent point of contact for the multidisciplinary team (27) . The institution of daily multidisciplinary rounds by APPs has been demonstrated to improve care coordination including discharge planning, post ICU discharge follow-up, and cross-disciplinary communication (32) .
The impact of specific APP models of care including 24/7 coverage in the ICU, nocturnist coverage, APP led rapid response teams utilizing intensivist presence via telehealth (53) , or formation of ICU alert teams to manage patients held in the ED prior to ICU transfer (80) , need to be further explored. Limited information is available on the differences in impact based on APP staffing models, as well as the type and degree of physician consultation and oversight.
Although several studies have focused on the impact of APPs on resident and fellow education and training, demonstrating enhance training and ICU experience, others have found varied understanding of the role (9, 42, (75) (76) (77) (78) 81) .
Additional studies assessing the financial impact as well as the "value-added" aspect of the APP role are needed. Only one study was found that has assessed APP career satisfaction in the role (20) . This information is crucial to ensuring APP professional role satisfaction and maximizing retention rates.
A number of studies have been reported in over 20 published abstracts from presentations at critical care conferences (supplemental content, Supplemental Digital Content 1, http:// links.lww.com/CCM/E743). These studies report on new roles such as APP staffed mobile stroke teams (82) , the impact of NP-led care for acute ischemic stroke care in reducing costs and decreasing LOS (83) , and the impact of APP care in reducing trauma readmissions (84), among others. Although this source of information is useful, extending abstract reports into published manuscripts is most beneficial in ensuring wide-scale dissemination of efforts to assess APP outcomes of care.
LIMITATIONS
Although a number of studies examining impact of APP roles in the ICU exist, a significant limitation is the lack of information related to the specific model of care employed. Few studies describe the APP coverage of the unit-whether it was weekday, weekend only, 24/7 coverage, or another modified staffing coverage of APPs. The description of the specific roles of APPs with respect to patient care was also lacking in many studies. Although a comprehensive search strategy was used, this concise review included only papers in English, and as such, other relevant studies published in other languages, if any exist, were not included.
CONCLUSIONS
A growing number of studies continue to demonstrate the impact of APPs in acute and critical care settings (16) (17) (18) (19) (20) (21) (22) (23) (24) 83) . Collectively, these studies identify the value of APPs in patient care management, continuity of care, decreasing costs of care, decreasing resource use, improving quality and safety metrics, patient and staff satisfaction, and enhancing educational experiences of residents and fellows. It is evident from this review that collectively, NPs and PAs are essential members of the ICU and acute care teams who can assist in patient care management as well as promote implementation of evidence-based practice and continuity of care.
Studies are needed which demonstrate the unique role and value that APPs bring to patient care, not as a physician replacement model, but rather an advanced practice model of care. It is evident from this review that sufficient comparison studies of APP and physician care exist. Future studies to develop roles and expectations of an APP beyond medical management are needed. Outcome measures should focus on the impact of APPs to reduce cost and improve efficiencies, improve quality and safety outcomes, improve patient access and outcomes, and finally, improve fulfillment and well-being of all members of the interprofessional. Until acute care and critical care APP team roles, expectations, and privileges are more standardized (nationally or state determined), the true benefit and value of APPs will remain unknown. Assessing impact in areas such as patient and family satisfaction, staff nurse retention, as well as those related to expanding roles such as ICU outreach and rapid response team roles on outcomes such as unplanned ICU readmission rates, can provide additional information on APP impact. The impact of specialty roles on other outcomes such as patient discharge destination; increasing patient throughput; improving guideline-based care; or contributing to high-value care by decreasing unnecessary laboratory, diagnostic, or antibiotic duration, for example, may also provide additional information on outcomes more reflective of the comprehensive care nature of the APP role. Additional information is also needed on the impact of various models of APP care and whether coverage models such as nocturnist, 24/7 coverage, or specialty based models of care produce optimal outcomes for acute and critically ill patients.
It is evident from this review that in the last 10 years, a significant number of studies as well as synthesis reviews have been conducted which have examined the impact of APP care for acute and critically ill patients. As APP roles continue to evolve, evaluating specific aspects such as promoting continuity of care, impact on patient and family-centered care, effect on nursing staff job satisfaction and retention rates, impact on physician workload and satisfaction, and the role of APPs in enhancing the professional environment in acute and critical care settings remain needed.
